n modern shotcrete operations, the mixing and pumping steps are carried out using different production systems and equipment. This adds an element of uncertainty to the process because of variables such as mixer type, rotation speed, mixing time, etc. As a result, this may result in changes to the characteristics and properties of both fresh and hardened sprayed mortar and may ultimately impair the performance of the rendering material. This study assesses the influence of production systems, particularly the mixing process, on the properties of fresh and hardened sprayed mortar. The methods used comprehend the collection and testing of mortar samples produced in wet-mix and dry-mix shotcrete systems, as well as a pre-packaged mortar batched and mixed in a laboratory mixer under controlled conditions according to the manufacturer's instructions. Results were processed using analysis of variance (ANOVA) and multiple comparison of means using Fisher's method. A statistically significant difference was observed in the flow table index, water retention, flexural strength and capillarity coefficient of the mortars produced using wet-and dry-mix systems. 
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Introduction
In Brazil, nearly all residential buildings use rendering mortars in facades as a substrate for paints or other types of surface finish (BRITEZ, 2007) .
To fulfill their role, rendering mortars need to have specific properties, both in the fresh and the hardened state. Such properties depend on the characteristics of their constituents, the ratio between them, the mixing process used and the method used to apply the render, as well as on the nature of the substrate and environmental conditions (COSTA, 2005) . The main performance requirements that the rendering mortar must meet in the fresh state are mass density, entrained air content, workability, water retention, bond strength and slump. In the hardened state, it is important to assess permeability, shrinkage, ability to withstand strain, adherence and mechanical strength (SELMO, 1989; CARNEIRO, 1993; CINCOTTO; SILVA; CARASEK, 1995; BAÍA; SABBATINI, 2000) .
There are several operations and variables in the sprayed mortar production process that do not receive due attention and that may impair the performance of the material. The production of a rendering mortar involves many steps, such as the preparation of cost estimates, the placement of orders, the receipt and storage of materials and the production steps themselves, which require materials to be transported, mixed and applied, including spraying and leveling operations (MASSETTO et al.,1998) .
From the late 1980s, the production of rendering mortars has been in permanent evolution through construction rationalization measures. This was the push for the introduction of pre-blended renders, which only required mixing in situ. In the late 1990s, manual processes were replaced by machine application (ZANELATTO, 2012) . According to Paravisi (2008) , the use of mechanical shotcrete systems may contribute to increasing the degree of rationalization of rendering subsystems, reducing the dependence on operator skill and the associated variability in production.
According to Nakakura and Vieira (2015) , the following production systems used in shotcrete mixing and pumping operations can be identified:
(a) mixer-pumps for pre-blended mortars; (b) dry-process shotcrete mixer pumps; and (c) wet-process shotcrete mixer pumps.
In wet-process systems, the different constituents of the mortar (i.e. cement, aggregate, admixtures and water) are first batched and mixed together. They are then fed into the mixer-pump and the resulting mix is conveyed to the nozzle using compressed air. The operator can then spray the mix into place. In dry-process shotcrete systems, the dry constituents are mixed together and then conveyed under pressure through the delivery hose to the nozzle, where water under pressure is introduced to project the resulting mortar into place (AUSTIN; ROBINS; GOODIER, 1999).
Different types of mixes are used in mortar processing in the field. As regards to the shear rate applied to the mix to reduce clogging, Williams, Saal and Jennings (1999) concluded that higher shear rates in the paste result in improved deagglomeration and lower viscosity and thus facilitate flow. Yang and Jennings (1994) carried out a similar rheology study and found that low mixing energies cause stress peaks to increase and occur earlier. As a result, the products can be processed under a wide mixing efficiency range, because each of the shotcrete systems generates specific energy levels (CARDOSO, 2009) . It should be remembered that each system uses specific mixing periods, different hose length and contact with the water (time of mixture), and other distinctive features.
It can be said that the adoption of a construction method that uses new rendering technologies is far from simple. Several peculiarities result in a more complex system by means of different degrees of industrialization. According to Santos (2003) , the observation of construction sites practices shows that the process is conducted on a fully empirical basis and from a technological point of view, particularly with reference to the rheology and flow of these materials. Such a scenario perfectly justifies this study, which aims to improve our understanding of the influence of different shotcrete systems, with specific configuration and mixing energies, on the properties of fresh and hardened rendering mortars.
Methods and materials

Planning step
The planning step is of great importance to the success of the experiment as this is the moment when the response variables and the controlling factors in the study are defined.
The constant factors, i.e. those that were not chosen as priorities in this study, were the water inflow rate (set as 450 l/h, as indicated in the device rotameter) and a mortar manufacturer (labelled A1). The response (dependent) variables investigated correspond to the property characterization assays in the fresh and hardened mortar. After the variables were defined, an experimental matrix was prepared, as shown in Figure 1 , which shows possible combinations.
The material (mortar) was collected "in situ" and transported to the LAMTAC facility of the university (Materials and Technology Laboratory of Build Environments of the Federal University of Rio Grande do Sul -UFRGS) with due attention to the requirement that the collection site (construction site) must be located within 12 km from the testing facility. All collections were made in the morning.
Mortar samples were collected directly from the nozzle in an 18-liter container. In addition, collection took place as operations were in progress, i.e. all the equipment was adjusted to the flow set in the rotameter. Finally, the container was sealed with a lid before transport to minimize water loss in the mortar.
It should be highlighted that the results of the two shotcrete systems (E1and E2) will be compared to those of the reference mortar (labelled LabA1), which was prepared in a test mixer at LAMTAC, prepared as specified by Brazilian Standard NBR 13276 (ABNT, 2005a).
Before tests were started, fresh mortar was mixed by hand for 30 seconds with an iron rod to ensure the homogeneity of the material to be tested. In addition, in order to standardize test conditions and minimize the interference of any experimental noise, all characterization tests (E1, E2 e LabA1) started within an interval of 50 minutes. This interval was adopted to take account of the time needed to transport the samples after collection in the construction site to the laboratory.
Shotcrete systems
The controlled or independent variables are those parameters that influence the response variable. The controllable factor involves two different shotcrete systems: a dry-mix system (labeled E1) and a wetmix system (labeled E2) as shown in Figures 2 and  3 , respectively. E1 consists of a dry pneumatic transport system (Figure 2b ), which pneumatically transports the premixed dry products that are fed into the system from the ground level to the floor where the equipment is located (Figure 2a ). The system feds the system in a closed circuit through the hoses (Figure 2c ). When the gun is activated, water is inserted into the system (Figure 2d ) only on the floor where the unit is located.
The E2 unit, as Figure 3 shows, consists of an integrated mixer and pump assembly and is called a stationary wet-mix mixing unit. The device is placed away from the projection turret. Water is mixed in the unit and the mixed is propelled through the hose to the rocker arm. The systems were found in the same construction site and displayed some differences such as hose length, mixing energy and time and sequence of mixing with water.
Mortar preparation
The premix mortar, supplied by manufacturer 1 (A1) consists of a homogeneous mix of Portland cement, mineral aggregates of specific particle size and chemical admixtures. The mortar can be mixed by hand or in a mixer, which could be: continuous mixer (water flow is adjusted to match device throughput -l/h -and the water amount per mix bag) and batch mixer. In this study, E1 and E2 were prepared in a continuous mixer and the reference mortar (LabA1) was prepared in a batch mixer.
Characterization tests
For the control of the mortars, test specimens measuring 4 x 4 x 16 cm were prepared as specified by Brazilian Standard NBR 13279 (ABNT, 2005b).
The test specimens were cured under controlled conditions at a temperature of 23±2°C and relative humidity of 60±5% and were so stored until testing. Mechanical testing was conducted in an EMIC press (maximum load = 2000 kN) and preparation and testing according to applicable standards, as shown in Figure 4 , which summarizes the tests used to assess the fresh and hardened mortars, as well as the number of tests and test specimens prepared for testing.
The tests in fresh mortar were conducted according to the standards listed. However, as it was explained above, the tests started at 50 minutes and consistency was also tested at 100 minutes. In addition, water retention and squeeze-flow tests also required adaptations.
The water retention test method in rendering mortarsis specified by Brazilian standard NBR 13277 (ABNT, 2005c) . In order to determine retention (%), the water/fresh mortar ratio has to be known. However, it is not possible to determine this value because the actual mass of water added to the mix is not known. This would only be possible if the equipment was switched on and adjusted just to collect a sample. This would, however, yield unreliable results because the initial water content of fresh mortar is higher. Therefore, to characterize the mortar, the difference between the mass of the set, pan and fresh mortar before and after suction with a vacuum pump for 15 minutes was calculated and this was labeled "lost water content (15 minutes)". 
Presentation and discussion of results
Analysis of variance (ANOVA) with a 95% confidence interval was used to examine the effect of production systems on the properties of fresh and hardened mortar (the software package used was The next section presents an analysis of the properties and other required observations, as well as an analysis of squeeze-flow test results. The horizontal bar in the graphs below represents indicates that there was no statistically significant difference in the results of different shotcrete equipment types.
In the consistency index test, it can be observed that for a given flow rate, equipment 1 (E1) yields a higher mean value when compared with equipment 2 (E2), as Figure 6 shows. It should be noted that the mean result for the reference mortar (LabA1) is higher for both times (50 and 100 minutes).
Results show that mortars E1 e E2 mixed in situ have a lower flow table index when compared with the reference mortar (LabA1).
At 100 minutes, regardless of the equipment used, mortars show similarities and display the smallest difference between results. All mortars collected and produced, in the case of the reference mortar (LabA1), show a reduction in this index at 100 minutes, unlike the mortar collected in equipment 2 (E2), which showed practically constant results. Figure 6 shows that there was no difference between the two shotcrete systems (E1 and E2) at 100 minutes when consistency index results are compared. At 50 minutes, however, it was found the type of shotcrete equipment affects this property (response variable).
For the squeeze-flow test, Figure 7 and Figure 8 , mainly, show graphs with load changes associated with an uneven flow of the material. According to Cardoso, Pileggi and John (2005) , some mortars (usually those of intermediate consistency levels) flow and then stop. When they stop flowing, load values increase and when the flow is resumed, the load then drops. This phenomenon is related to the friction between the plates and the mortar and also to the internal strain and flow mechanisms in the material. In Figure 8 , with a lower displacement rate (0.1 mm/s), the flow capacity dropped. This fact may be related to the repositioning of particles inside the mix, which blocks movement and causes the early onset of the strain-stiffening phase of the mortars because of the friction between the particles.
Figures 7 and 8 show that a reduction in the displacement rate reduces deformation. In addition, it was observed that for a displacement rate of 3 mm/s, phases I (elastic) and II (plastic) are clearly at 50 min at 100 min
Hardened mortar
Water absorption (capillarity coefficient) to the fact that at low flow rates, the liquid has more time to flow radially when compared with situations when high flow rates are used. Therefore, phase separation tends to increase when the compressive speed is lower. This may produce the induction of the radial migration of the liquid through the structure formed by the particles and, therefore, an increase in the concentration of solids in the central section of the sample and in the force required to continue to compress the material. The same phenomenon was also observed by Cardoso et al. (2016) .
At 50 and 100 minutes, with a rate of 3 mm/s, higher loads are required to induce deformation in the mortar collected from equipment 2 (E2) than for the reference mortar (LabA1) and equipment 1 mortar (E1). For a rate of 0.1 mm/s, at 55 and 105 minutes, it was observed that the mortar from equipment 2 (E2) reaches the maximum load in the test with lower displacement than what is observed in equipment 1 (E1). The different shotcrete units used in this test (E1 and E2) are based on different operation principles, which affect the type of contact between mortar and water, how long this contact takes place, as well as the mixing energies used. Antunes, John and Pileggi (2005) claim that the energy required for mixing, the amount of water and the mixing time are factors that greatly affect mortar properties. Pileggi et al. (2001) used a rotational viscometer for concrete to determine the amount of energy transferred to the system during mixing and showed that the process used to add water to refractory concrete produced significant changes in the process and the resulting rheological behavior. Barbosa (2010) tested two applications with different mixing energies and found that they resulted in specific rheological properties, which were also observed in other fresh state tests. This justifies the occurrence of a statistically significant difference in the consistency index and the distinctive behavior of the mortars in the squeeze-flow test, since these are rheological characterization tests.
It should be pointed out that there is coherence in relating the consistency index and the squeeze-flow, given that lower consistency index values are matched by higher resistance to flow, which means that higher loads are required to move the material. However, the statistically not significant result for the consistency index at 100 minutes between E1 and E2 is not observed in the squeeze-flow test. This is due to the fact that the tests in the consistency table is insufficient to assess the rheological nature of mortars, as it cannot isolate the contribution of flow stresses and the viscosity in the resistance to flow.
The fact that tests of the wet-process mortar (E2), in which the time of contact with water is longer, showed that higher loads are needed to obtain the same deformation observed in E1, which was produced with the dry-process system, may be related to the fact that this mortar needs rheological properties that prevent segregation, with increased resistance to flow and the possibility of clogging the hose.
The mass density of fresh mortar was also assessed, but the results did not show any statistical inference. In other words, the choice of shotcrete system did not affect this property. However, systems E1 and E2 show different results when compared to the reference mortar (LabA1).
With reference to the entrained air content, Figure 9 shows that even though no statistically significant difference between the systems was observed, entrained air content is higher in equipment 2 (E2) when compared with equipment 1 (E1). It was also observed that the reference mortar (LabA1) showed higher entrained air content when compared with the shotcrete systems.
Other studies of commercial mortars, such as those of Casali et al. (2001) and Romano et al. (2009) , assessed entrained air content using different times and mixing energies and confirmed that the air content increases when longer mixing times are used. This was also observed in this study, as Figure  9 shows. The wet-mix mortar (E2) has a longer period of contact with water than E1. E2 also has a longer mixing time as a result of the pumping process, where by the wet pre-mixed material is transported by air pressure to simulate the continuity of the mixture. However, the fact that no statistically significant difference between the drymix and the wet-mix process was observed must be further investigated as this seems to contradict the findings of Nakakura e Cincotto (2001), who found in their study of the influence of time and type of mixing variations of up to 50% in entrained air content. In this study, as can be seen in Table 2 , high coefficients of variation were recorded, a fact which may explain the behavior of this property.
The modified water retention test offers some interesting insights, as Figure 10 shows. It can be seen that the loss of water is more significant in equipment 1 (E1) than equipment 2 (E2). A significant reduction was also observed in the mass of water lost in the reference mortar (LabA1).
Water retention is defined by Cincotto, Silva and Carasek (1995) as the capacity of fresh mortar to retain its consistencyor workability when subjected to stresses that result in dewatering. These authors claim that water retention, in addition to determining mortar handling conditions, also affects the properties of hardened mortar. When water is lost, this modifies the contact characteristics between mortar and substrate and affects drying shrinkage, mechanical and bond strength. Barbosa (2010) concluded in his study that different mixing energies result in different values of watersorptivity. (2004) claims that mortars with higher entrained air content are less consistent, i.e. more fluid (higher consistency index), which possibly results in more free water being present in the structure and a more intense loss of water, i.e. water retention is reduced, a behavior that was also reported by Stolz (2011). Our study, however, did not show the same behavior because the mortars with higher entrained air content showed the lowest loss of water and higher water retention capacity. This is probably due to the presence of unspecified additions in the mortar that are not informed by the manufacturer. Some additions, when combined with different mixing energies, can increase plasticity and reduce exudation, this directly affecting water retention. In addition, this analysis in the present study was compromised by the high coefficients of variation observed in the entrained air test. Still, the results found here corroborate the study of Moura (2007), who reported different findings than those of Do Ó (2004) and Stolz (2011) . The air bubbles that result from the increased air content facilitates the sliding of the particles and improves plasticity and water retention. In other words, the loss of water (the mass of water loss, in grams) is lower.
For the hardened mortars, no statistical inference was observed in the dynamic elasticity modulus results. However, statistical inference was observed between the results of the capillarity coefficient (C), which measures the rate of capillary absorption that goes through the pore network of mortar as a function of the square root of time. The coefficient was calculated from the data generated by the water absorption test, which was conducted according to Brazilian Standard NBR 15259 (ABNT, 2005e). Figure 11 shows that the highest coefficient corresponds to E1 mortar (E1) and that the lowest coefficient is that of the reference mortar (LabA1). The capillarity coefficient is inversely proportional to the results of entrained air, as expected. It is likely that this is due to the presence of entrained air in the mortar, which reduces water absorption by capillarity as air bubbles block and/or hinder the flow in the capillaries.
Although no statistically significant difference was observed, as was the case with entrained air, this work confirms the findings of Casali et al. (2001) and Romano et al. (2009) , who found that compressive strength is reduced when entrained air values and mixing times increase. Figure 12 shows that the mean result of E2 mortar is lower than for E1 mortar.
According to Mattana et al. (2012) , higher entrained air contents result in better workability and lower mechanical strength. This can be seen in Figures 12 and 13 of this study, which show that a higher entrained air content (in sample E2) was matched by lower compressive and flexural strength values.
In addition, Table 4 shows high coefficient of variation values, which may have affected statistical analysis and therefore no difference was observed in the result of the test. Compressive strength is more often a concern for laying mortar applications, because of the forces that may affect the sealing system. On the other hand, for rendering mortars, the most important forces are flexural strength and shear strength because the mortar must withstand stress-strain forces and no cracking should form (NAKAKURA; CINCOTTO, 2004) . E1 and E2 displayed a statistically significant difference in the tensile strength test. The wet E2 system, in which the mortar has a longer contact time with water, showed a reduction in tensile strength, a behavior that was also reported by Romano et al. (2009) . Mattana et al. (2012) consider that the higher the content of incorporated air, the better the workability and the lower the mechanical resistance. This fact can be verified, in the present work, through Figure 9 , Figure 12 and Figure 13 . Alves (2002) suggests that this behavior can be related to the presence of larger air bubbles that reduce mechanical resistance.
Finally, the apparent density of the hardened mortar,which is associated with the entrained air content in the fresh mortar, in the same way as in this study, did not show statistical inference between the results. However, a statistically significant difference was observed between systems E1 and E2 when compared to the reference mortar (LabA1).
82
Final considerations
The use of shotcrete systems to replace conventional manual labor has several advantages, such as less interference associate with the operator skill, better homogeneity in mixing and spraying, improved quality and performance of the mortar and render, etc. However, this study showed that the type of shotcrete system used may affect results. More specifically, the mixing stage shows statistical inference on the consistency index and water retention (loss of water at 15 minutes) of fresh mortar. For hardened mortar, statistical inference was observed for the flexural strength and the capillarity coefficient in dry-and wet-mix equipment.
The mean analysis of the means shows that the mortar produced in equipment 2 (E2) is more similar to the reference mortar (LabA1) produced in the laboratory.
Consistency/flow-table/slump and squeeze-flow tests showed that different shotcrete systems result in different mortar behaviors.
The mortar produced using a wet-mix system (E2) resulted in lower loss of water, with flexural strength approximately 35% lower than the mortar in the dry-mix system (E1). For compressive strength, no significant difference was found for the two systems, but this was not the case for the capillarity coefficient, which was higher in E2 mortars. This behavior is probably associated with the connectivity of the mortar pore network. The results for most properties assessed in this study show statistical inference when the dry-and wetmix shotcrete mortars are compared with the reference mortar produced in the laboratory. In other words, the resulting mortars display distinctive behaviors. This is a result of the different mixing times, mixing energy and the way water is introduced into the system.
The results show that mortar properties can display variations that may affect the performance of the render. It is therefore important to determine whether the mortar that will be used is compatible with a specific shotcrete system and so make full use of the potential of mechanized systems. 
